Bilateral vocal cord paralysis is a serious illness requiring emergency intervention to resolve the potentially life-threatening respiratory distress. Several surgical procedures were proposed to help improve the airway and to eliminate the tracheostoma in those patients with permanent paralysis. All the procedures have their own advantages and disadvantages. We conducted a retrospective study of 30 patients affected by bilateral vocal cord paralysis following total thyroidectomy. All the patients underwent total thyroidectomy for benign thyroid pathology. In 26 patients (86.6%), cord paralysis occurred during the perioperative stage; and in the remaining 4 cases (13.3%), it occurred within the following 6 months. We treated all these bilateral recurrent laryngeal nerve paralysis patients with arytenoidectomy alone in 5 patients and arytenoidectomy with concomitant true and false posterior cordectomy in the remaining 25 patients. Twenty-four of the 25 patients who underwent the combined procedures (96%) reported subjective respiratory improvement and were decannulated within 60 days, being able to return to their normal daily activities. This study demonstrates that arytenoidectomy associated with posterior cordectomy is a satisfactory surgical treatment of bilateral vocal cord paralysis because it leads to a considerable and stable enlargement of the breathing space.
Introduction
Bilateral vocal cord paralysis is a serious condition requiring emergency intervention to resolve the dyspnea that sometimes may become life threatening. The first option is very often a tracheotomy, performed upon admission of the patient or even in the immediate postoperative period following thyroidectomy. This latter surgical procedure is the most common cause of bilateral recurrent laryngeal nerve injury, with its consequent bilateral vocal cord paralysis [1] .
Tracheotomy still remains an effective treatment, but is not acceptable as a long-term solution. Throughout the past century, several operations were proposed to eliminate the tracheostoma in those patients with permanent paralysis. Any such surgical procedure should ideally permit recovery of the upper airway patency, with minimal impairment of other laryngeal functions. The techniques proposed to achieve this objective included both extralaryngeal and endoscopic approaches.
In 1922, the first extralaryngeal approach was proposed by Jackson [2] , who described a ventriculocordectomy. Since then, Hoover [3] described a submucosal vocal cord resection; and King [4] proposed a laterofixation of the vocal cord. Another extralaryngeal technique was successively proposed by Woodman [5] , who advocated arytenoidectomy associated with suture of the vocal process to the inferior cornu of thyroid cartilage by a posterolateral approach to the larynx.
However, the extralaryngeal approaches were replaced with less invasive endoscopic approaches including arytenoidectomy proposed by Thornell (with electrocautery) [6] and by Ossoff et al (with CO 2 laser) [7] and posterior cordotomy proposed by Dennis and Kashima [8] . The arytenoidectomy was subsequently modified by Crumley [9] , who described removal of the medial portion of one or both arytenoid bodies, and by Remacle et al [10] , who advocated subtotal arytenoidectomy with preservation of a thin posterior portion.
A few authors found some advantage in treating this pathology by combining the 2 more commonly adopted approaches, namely, arytenoidectomy and posterior cordotomy, resulting in a more stable improvement of respiratory space [11] . Although the techniques improved progressively with time, a risk of reoperation is still present, which is often caused by granulation, tissue formation, and narrowing of airway space. Motta et al [12] in 2003 described arytenoidectomy with posterior cordectomy using CO 2 laser, giving acceptable results.
In this study, we treated bilateral recurrent paralysis in adduction by arytenoidectomy and concomitant true and false posterior cordectomy; and we discuss our results.
Material and methods
We conducted a retrospective study of all the patients affected by bilateral vocal cord paralysis following total thyroidectomy. The patients underwent thyroidectomy between August 1998 and September 2009. Preoperative evaluation before the surgery for definitive management of vocal cord paralysis included clinical head and neck examination, clinical assessment of the cranial nerves, and fiberoptic laryngoscopy with assessment of laryngeal sensitivity by touching the larynx with the endoscope tip. Deglutition was assessed by videoesophagography with fluorine (in the presence of sensitivity disorders) after managing the acute dyspnea.
All patients underwent tracheostomy at the time of initial presentation with dyspnea following bilateral vocal cord paralysis. We waited for 6 to 12 months, following the cord palsy, before taking them up for definitive surgery. During this period, patients underwent scheduled periodic laryngoscopies for assessment of the possibility of spontaneous recovery.
During the initial 2 years of our study, only CO 2 laser arytenoidectomy was adopted under suspension microlaryngoscopy. The procedure adopted was as follows: after incising the mucosa over arytenoids from vocal process to the apex, the arytenoid cartilage was exposed. Then the body and the vocal process were vaporized using CO 2 laser. To provide even better results, the technique was changed in the subsequent years as described below: under suspension microlaryngoscopy, arytenoid cartilage was ablated using CO 2 laser, paying particular attention to the interarytenoid area, along with removal of posterior third of the false cord and the true vocal cord.
In the immediate postoperative period, patients were treated with antibiotic therapy for 1 week and intravenous steroids (betamethasone 4 mg/d) for 2 days to reduce the postoperative edema. A proton pump inhibitor therapy was initiated in all cases to reduce the risk of endolaryngeal granulomas for 6 months. Follow-up consisted of fiberoptic laryngoscopies performed on a weekly basis until complete healing of the surgical site, then every month for the first 6 months following surgery, and subsequently once a year. In addition to clinical findings regarding the glottic space, a spectrography was done to evaluate the voice, analyzing the following data: subjective evaluation, maximal phonation time, and harmonics-noise ratio. Patients were divided into 2 groups according to the surgical technique adopted: group A had unilateral arytenoidectomy, and group B had unilateral arytenoidectomy and posterior true and false cordectomy. The data regarding surgical complications, postoperative care and time of recovery, need for reoperation, and time of complete stabilization were recorded.
An informed consent was obtained from each patient before surgical procedure. Our institutional review board approved the study.
Results
There were a total of 30 patients included in the current study. The group included 22 women (73%) and 8 men (27%), with an average age of 53 years. In all patients, the paralysis resulted from total thyroidectomy for benign thyroid pathology. In 26 patients (86.6%), bilateral cord paralysis occurred during the perioperative stage, whereas in 4 cases (13.3%), a unilateral palsy was in the immediate postoperative period and the contralateral vocal cord palsy occurred within the following 6 months. The patient characteristics are summarized in Table 1 .
Of the 30 patients, 28 were already having tracheostomy, whereas the remaining 2 patients underwent tracheostomy during glottis-widening surgery as a precautionary measure.
For treatment purposes, 16.7% of patients belonged to group A, whereas the remaining 83.3% were part of group B. Group A included 5 patients treated by arytenoidectomy and tracheotomy. Group B included 25 patients managed with arytenoidectomy and posterior true and false cordectomy along with tracheotomy. As regards the 5 patients undergoing laser CO 2 arytenoidectomy alone (group A), only in 3 (60%) cases of 5 was surgery fully successful, allowing for decannulation within 60 days. In the remaining 2 (40%) patients, decannulation was not possible because of a very narrow glottic space, with subsequent persistent moderate dyspnea. One of them underwent surgical revision, converting the arytenoidectomy into arytenoidectomy and posterior true and false cordectomy, and was then successfully decannulated, whereas the other patient could not undergo a surgical revision because of worsening of a preexisting respiratory failure (Table 2) . Following the partial failure of simple arytenoidectomy, all the next 25 patients (all included in group B) were treated with arytenoidectomy and posterior false and true cordectomy using CO 2 laser (Fig. 1) . Twenty-four patients of group B (96%) reported subjective respiratory improvement and were decannulated within 60 days, becoming able to return to their normal daily activities (Table 2 ). Only one patient of group B needed a second surgery, so as to enlarge further his breathing space, thus enabling decannulation.
Quality of the voice gradually improved in all patients, following an initial worsening, thus granting them adequate communicative skills (Table 3 ). In the postoperative period, all patients, regardless of the procedure, had no dysphagia, with scarce episodes of microaspirations, resolved by deglutition rehabilitation within 1 week after surgery. There were no postoperative bleeding episodes ( Table 4) .
The only postoperative complication was the appearance of endolaryngeal granulations in 6 patients (20%), which were removed under direct microlaryngoscopic procedure in 2 patients and resolved spontaneously in others.
Discussion
The main objective in treating bilateral vocal cord paralysis in adduction is obviously to enable the patient to breath normally. Nevertheless, to guarantee a decent quality of life, swallowing and phonatory functions need to be maintained, in addition to removal of the tracheostomy frequently done as an emergency act.
Spontaneous recovery of vocal cord motility is very rare as has been reported in the literature. If it happens, this is thought to be possible in cases of axonotmesis where neuroregeneration might progress toward target muscles at a speed of 1 to 3 mm/d [13] . It has been observed by different investigators that, in patients undergoing endoscopic laryngeal surgery 6 to 12 months after the onset of paralysis, no signs of cord recovery, deriving from nerve regeneration, were noticeable in the untreated vocal cord [14, 15] .
For those patients showing no spontaneous functional recovery, several surgical techniques to achieve a glottic space enlargement have appeared throughout the years. Mean value of the series treated with arytenoidectomy associated with posterior cordectomy. MPT indicates maximal phonation time; HNR, harmonic-noise ratio; dB, decibels. Progresses have been achieved with the use of CO 2 laser endoscopic surgery, leading to shorter hospitalization and higher patient compliance. Since 1984, precision microsurgery on patients with bilateral vocal cord paralysis has been possible, despite the small surgical site [7] . Among the advantages brought about by this technique are precision, microcirculatory hemostasis, and reduction of the intraoperative edema. On the other hand, disadvantages included the occurrence of possible complications, such as formation of granulomas; loss of an adequate vocal capacity, which might arise regardless of the instrument and technique used; and chondroperichondritis of the cricoid cartilage, which is specific to this surgery.
The endoscopic surgeries analyzed in this study are arytenoidectomy as described firstly by Thornell [6] and modified later by Ossoff et al [7] , and arytenoidectomy with posterior true and false cord cordectomy as reported by Motta et al [12] . Combination of such techniques, in our opinion, grants the best results in terms of normal breathing with minimal deglutition impairment, also allowing for an acceptable quality of voice. Removal of arytenoid is associated with an almost unchanged voice quality, but the space gained is often insufficient. As reported in the literature, less invasive surgeries, despite preserving the phonatory function, tend to impair breathing and require several surgical revisions [9] .
Posterior third of the vocal cord is another surgical site of interest: the posterior cordotomy technique of Dennis and Kashima [8] consists of creation of a wedge-shaped opening in both the true and false vocal cord by retracting the thyroarytenoid muscle. It is a simple surgery, which leads to a predictable enlargement of the glottic space while reducing to a minimum the trauma for the structures involved and preserving swallowing functions. The arytenoidectomy and posterior cordectomy of Motta et al, with removal of the posterior third of both the true and false vocal cord, provide the best results but entail higher phonatory impairment. However, the voice quality is of secondary importance in patients with persisting dyspnea that worsens under physical effort. Even then, the voice quality, although worsened, is adequate to grant a relatively good quality of life. Removal of the posterior third of true and false cord, instead of a simple cordotomy, reduces the incidence of restenosis of the glottic space. In fact, the main problem that leads patients to a reoperation is not a voice problem or dysphagia, but the narrowing of the laryngeal space obtained after one of the abovedescribed procedures.
As regards this study, 22 of the 30 patients were women, reflecting probably the incidence of benign thyroid pathologies in the general population. Forty percent of the patients undergoing simple arytenoidectomy required surgical revision to enlarge the glottic space, irrespective of voice result. However, those patients undergoing both arytenoidectomy as well as posterior true and false cordectomy had only a 4% failure rate. The results concerning the latter group of patients were undoubtedly better. All patients returned to their daily activities, and only one needed surgical revision. Obviously, in a pathology like this, it is difficult to achieve the numbers required to achieve any statistical significance.
Conclusions
A disabling condition like bilateral vocal cord palsy needs an intervention that can improve the airway as well as maintain reasonable phonatory function. This study demonstrates that arytenoidectomy associated with posterior cordectomy is a satisfactory surgical treatment of this condition, leading to a considerable and stable enlargement of the breathing space and acceptable voice quality with minimal aspiration, if any, whereas arytenoidectomy alone tends to be insufficient in alleviating the pathology as well as having an increased rate of revision.
